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major factors in the development of coronary disease have, within the last
decade, received wide support. Research on the Type A coronary-prone
behavior pattern has shown Type A's to be higher than Type B's on a number
of biochemical and psychophysiological variables associated with accelerated
development of atherosclerosis.

'.Current methods of assessing coronary-prone behavior using either the
structured interview or the Jenkin's self-report questionnaire have inherent
methodological limitations or assumptions that substantially reduce their
utility, especially when they are used to help detect subclinical heart disease
in an educated population, such as Air Force pilots, which is highly motivated
not to display cardiovascular disease symptomatology.

Since hyperreactivity or hyperlability of the sympathetic nervous system is
thought to be the major physiological mechanism underlying coronary-prone
behavior, an extensive review of the literature was undertaken to determine
whether it would be feasible to measure coronary-prone behavior more directly
by means of autonomic response profiles. On the basis of this review, I
consider such a project.to be feasible and recommend a multistage project for
the development and testing of a protocol to measure autonomic reactivity

under stressful conditions.
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MEASUREMENT OF CORONARY-PRONE BEHAVIOR AND AUTONOMIC REACTIVITY

INTRODUCTION

The major cause of death in the United States for some years has been
coronary disease. A 1979 U.S. Air Force report estimated that one-third of
the cardiovascular incidents to active duty personnel result in death or
disability, that each death or disability of a flyer costs approximately
$495,000, and that the total direct costs of cardiovascular disease to the Air
Force are approximately $64 million per year (204).

Traditionally, a number of risk factors have been associated with cardio-
vascular disease (e.g., age, smoking, cholesterol level). Since the early
1960s, however, increasing evidence suggests that the way an individual
typically responds to potentially stressful situations is related to the
development of atherosclerosis and myocardial infarction. This report reviews
the literature on the Type A coronary-prone behavior pattern and suggests
directions research should take to further refine the assessment of coronary-
prone behavior.

Obtaining reliable and valid measures of coronary-prone behavior suitable
for large-scale screening, and not reliant on self-reporting techniques, has
special significance for the Air Force. Pilots represent a highly educated,
physically fit population that is highly motivated not to disclose or display
any symptomatology that might result in nonflying status. Each year the
average age of pilots tends to increase (at present, 44% of USAF pilots are 35
or older), and flying becomes more demanding as planes become faster and more
sophisticated. New assessment procedures therefore become increasingly im-
portant to ensure that pilots are physically and emotionally able to handle
these increasing demands.

CORONARY-PRONE BEHAVIOR

The concepts of coronary-prone behavior and stress responses as major
factors in the development of coronary disease have received wide support.
Typically, this behavior is characterized as--

(1) an overdeveloped sense of time urgency
(2) excessive desire to control the environment

(3) a highly developed need for competitive achievement-striving
(4) aggression or hostility.

Individuals with such behavior perceive their environment primarily in terms
of challenges and frustrations, and hyperrespond to these stressors. The
precise psychophysiological mechanisms underlying these relationships are at
present poorly understood; however, a major component appears to be situational
hyperreactivity or hyperlability of the autonomic nervous system (1-5).

R&OWDO AM . .A.-NOT 7jL#
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Research on risk factors and coronary disease has been largely validated
in terms of atherosclerosis and coronary anqioqraphy. Many individuals,
however, die suddenly with minimal coronary artery occlusion--suggestinq vaso-
spasm and/or electrochemical malfunction rather than physical obstruction as
the major underlying factor. Several recent theoretical and review articles
(36-40) have focused on psychological factors and autonomic nervous system
responses to stress, and the relationships of these variables to vasospasm and"sudden death," thus supporting the strategy of app~roaching coronary-prone

behavior in terms of individual differences in autonomic responsivity.

STUDIES OF AUTONOMIC NERVOUS SYSTEM ACTIVITY

For convenience, the discussion of studies of autonomic nervous system
(ANS) activity will be divided into three categories:

(1) Autonomic balance or dominance between the sympathetic and the
parasympathetic branches

(2) Individual-response specificity (stereotypy) versus stimulus-response
specificity

(3) Relationships among physiological, behavioral, and personality
variables in one or more specific populations.

Autonomic Balance

Contemporary research on balance within the autonomic nervous system
derives from Eppinger and Hess' concept of vagotonia and sympathicotonia first
published in 1910 (41). They postulated that normal body functioning repre-
sented a balance between the mutually antagonistic sympathetic (SNS) and
parasympathetic (PNS) branches of the ANS and that imbalance would account for
a variety of disorders. This model guided Wenger's classic work on psycho-
physiological measurement of the ANS during the 1940s and 1950s (42-45). He
restated their original hypothesis in 1941, using chemical rather than ana-
tomical differentiation for the branches of the ANS as follows (42):

The differential chemical reactivity and the physioloqical antag-
onism of the adrenergic and cholinergic branches of the autonomic
nervous system permit a situation in which the action of one branch
may predominate over that of the other. This predominance, or auto-
nomic imbalance, may be phasic or chronic, and may obtain for either
the adrenergic or the cholinergic system.

Autonomic imbalance, when measured in an unselected population,
will be distributed continuously about a central tendency which shall
be defined as autonomic balance.

For a summary of earlier work on the psychophysiology of the ANS, see Darrow's
excellent 1943 review article (46).

Wenger's strategy was to measure several noninvasive psychophysiological
*variables (e.g., dermographia, salivary output, heart period, skin conductance,

7

"Plop



respiration period, systolic tnd diastolic blood pressure). Each of these
measures was interpreted in terms of a continuum of sympathetic-parasympathetic
dominance. lie hypothesized that

(1) these measures would be highly intercorrelated (i.e., increased
heart rate, blood pressures, perspiration with a high degree of vasoconstric-
Lion, and decreased salivation would indicate sympathetic dominance over the
opposite responses, parasympathetic, and

(2) individuals would be normally distributed along this continuum: the
central portion of the distribution corresponding to persons in "autonomic
balance," with individual scores clustered about the mean scores on each
variable; and scores clustered either in the lower or upper end of the con-
tinuum reprosenting persons in "imbalance."

To Wenger's consternation, almost two-thirds of the 632 young adult males
tested in 1)44 showed mixed patterns not consistent with this model (44).
.:eme of his later work discusses "mixed" patterns, and five patterns (the
three stated at the first of this section plus two mixed patterns--beta and
Tb) have boxn reported (47,48). Wenjer's research, however, continued to
focus on the idea of a single continuum of "scores of autonomic balance" (A),
and his factor alalyses of the data were directed toward refining a regression
c.quatiei for the assessment of A--a general factor of ANS activity under
restinq conditions.

The most recent publi3hed version -f Wenger's equation (45) computes A
by taking the raw data from seven tests (persistence of red dermographia,
salivary output, heart period, standing palmar conductance, volar forearm skin
conductance, respiration period, and [ielse pressure), converts them into
standard T scores, multiplies them by their beta weights, and then adds these
weighted standard scores. For most populations, this procedure produces a
distribution of A with a mean and standard deviation of approximately 70 and
7; low scores are interpreted as sympathetic dominance, and high scores as
parasympathetic dominance. It is worth noting that the sum of the beta weights
for heart period and standing palmar conductance are equal to the sum of the
beta weights for the other five variables combined. The A score, therefore,
i.; heavily weighted by these two variables.

This approach, the determination of a regression equation for a single
general factor, is by its unidimensiondl nature restricted in its ability to
distinguish among members of a population suffering from a variety of multi-
tdcetud disorders. if the research goal is to distinguish among individuals
on the basis of autonomic activity, this strategy appears both restrictive and
sjmplistic when compared with a multitactor model.

Durinq the 1960s Wenger's researchi interests shifted to include the study
of ANb activity during sexual arousal. he noted ". . . the concept of auto-
nomic balance, i.e., relative aNS or INS dominance, which has been profitably
applied to the examination of comparatively stable conditions in groups
(Wengjer 1966), may not be particularly relevant to complex and highly special-
ized emotional episode s such as sexual excitement." (49) Nevertheless, his
1972 articlc, summarizing more than two decades of research, contains the
followinq ". the antagonistic control of most ANS functions by the two

mai



branches of the system automatically sets Lt K;Laqu for the appearance of .

general factor of autono-nic function." (4')

Some of the Wenger group's most recent research on autonomic balance in
young women makes reluctant and limited use of a multifactor approach (50).
In their factor analysis of the data, Lucio and Wenger made presumptive decisions
about the underlying physiological functions and then selected one measured
variable (which they felt was representative) for each of these underlying
functions. Analysis of the 10 selected variables produced six factors which
Lucio and Wenger suggest "are not readily interpretable," and one very weak
general factor. An interesting finding, however, is that heart period had the
highest or second highest loading on three of these six factors.

Cattell (51), on the basis of additional factor analysis of Wenger's data
and data from numerous other human and animal studies of psysiological and
behavioral variables related to autonomic function or emotionality, suggests a
three-factor model: a general autonomic e:tivity factor identical with anxiety
and two other autonomic activity factors--sympathetic activity and parasympa-
thetic activity--which he notes appear to be more states than traits. This
latter suggestion by Cattell is consistent with recent work on Type A coronary-
prone behavior, which has demonstrated that the greatest psychophysiological
differences between Types A and B are situationally induced reactive phenomena
(26-28). If a state model of ANS activation is valid, then Wenger's approach,
which is primarily based on data obtained under passive relaxed conditions,
would fail to distinguish among individuals on the basis of their ANS function-
ing. Although most of Wenger's studies did not include muscle tension/motor
activity measures, Cattell's analyses of related studies suggest a fourth
factor, a "motor discharge" factor.

More recently a general-factor approach to ANS functioning has been
adopted by Porges (52), who has suggested a technique to assess autonomic
balance based on the covariance of heart rhythm and breathing. In essence,
Porges' approach conceptualizes heart rhythm as an additive model of three
components--sympathetic influences, parasympathetic influences, and effects
intrinsic to the heart, the latter being assumed to be random relative to the
fluctuations of the SNS and PNS. Respiratory changes are assumed to be
completely vagally innervated and are used to estimate the PNS contribution to
heart rhythm by using a weighted measure of coherence derived from a cross-
spectral analysis of simultaneously recorded heart rate and respiration data.
Porges' research applications have been primarily with hyperactive and autistic
children. Harrell (53) examined the weighted coherence scores of normal
adults in response to a series of signaled 105-dB bursts of white noise. He
found that above-the-median-coherence subjects (interpreted as relatively more
parasympathetic dominant) tended to have greater stimulus-induced increases in
heart rate and less stimulus-induced heart rate variability. These results
are not consistent with predictions made from Porges' equation.

A different single-factor approach has been suggested by Patton (54). He

created an "Index of SNS" by calculating T scores for each subject on each of
four autonomic measures (pulse, systolic blood pressure, instep temperature,

and square-root palmar conductance) under relaxed and four task conditions.
Using mean scores and lability scores (55) for each task condition (based on a
"nonstress comedy" condition as a baseline, he found that relative tc other

9
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tereo'typy Versus .;timu ius;-Responsu specificity

;iome studies of A.Jd reaLctivity hiave- Attempted to demonstrate individual-
response specificity (f-;teLr( otvjy) is ;troe to stimulus-response specific-
ity. The most w-Ldely >ited proponcn;t's of this position are John and Beatrice
La c ey (64-69) . During the 19')(h liev conducted an extended series of studies
111i j q mneasurer; of 14a11nar conductance (v,_istance) , heart rate, heart rate
variaibility, and sy!;tolic anid diozi lead pretssure, taken during several
'oqnitive-task and xioxio-us-.;tiu itiraI tiratioris (e.g., cold pressor, hyper-
ventilationl, mental arijjmetIcL, word] Fluency). They concluded that
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For any set of autonomic functions, all :k. xhtibit, in response: to
effective stimulus-conditions, idiosyncratic patterns of autonomic
activity. These patterns of response tend to be reproduced from
one stressor-episode to another, from one occasion of measurement
to another. (69)

One interesting methodoloqical suggestion by the Laceys is that an alerting
period (i.e., a quiet announcement of what the next task will be and that the
task will begin in 60 seconds) tended to reduce the common factor of arousal
generated by a task following a relaxed physiological state. If the Laceys'
conclusion is correct, this common anticipatory alerting response may be an
example of Cattell's general anxiety factor.

Other studies have focused on similarities of physiological responses
across subjects, usually to specific emotion-provoking stimuli or sensory
conditions (stimulus-response specificity, or "specificity"). The most widely
researched stimuli are associated with subjective reports of fear and anger,
and several researchers have demonstrated differential physiological response
patterns to these two stimuli (70-72). Additional situations include those
producing sadness or mirth (73), sexual arousal (49,74), and prolonged stay at
altitude (75). I believe, however, that to seek either stereotypy or specific-
ity creates a false dichotomy, not unlike the futile attempts several years
ago to attribute given behavior to either heredity or environment. Both logic
and available data suggest that although individuals have relatively consistent
idiosyncratic response patterns, they also show similarities to a qiven set of
conditions. Therefore, depending on the homogeneity of the populations and
the quality and intensity of the stimulus situations that are compared, it is
possible in a given study to emphasize either individual differences or similar-
ities. For example, although Sersen (76) found stereotypy in his study of
skin conductance, heart period, respiration, and blood pressure across six
stimulus conditions, he also found stimulus specificity--which does not seem
surprising, considering the conditions he used. Essentially, he found that
subjects' response patterns to a tape recording of a poem, a tape of classical
music, and a white field illuminated by a 60-W light bulb were similar and
that they differed from responses (also similar to one another) to 100-dB
sound, a cold pressor test, and diffici.t math calculations.

In addition, however, Sersen demonstrated that data analysis (i.e., task
scores versus change scores, and whether a regression model or a covariant
model is used to analyze changes from the baseline) can markedly alter the
relative contributions attributed to stereotypy or specificity (77,78). The
best method of analyzing change scores, however, is still open to debate. The
argument in favor of a covariant analysis of changes from the baselino (initial
value) derives largely from the Law of Initial Values (LIV)--which states that
the higher the initial level of a function, the smaller the response to function
raising and the greater the response to function lowering (61). More recently,
however, Gellhorn's two-factor model (discussed in the previous section)
suggests that under stress, individuals with high initial values may show
exaggerated increases and individuals with low initial values may show exagger-
ated decreases. If the LIV holds only for the central portion of a population
distribution and Gellhorn's model holds for many of the individuals in the
tails of the distribution, then data analysis based on task means or simple

change scores (task means - baseline means) analyzed using simple comparisons
or ANOVA, may be more useful than covariant analysis.
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R 1,lt ioiil; Ii mule illy :iulo ;i,',i, P1 , ii viorat I, and Personality Variables

Num tous t ud LLs havtc 1 ''l CoinU,'t ,d comparing two or more populations on
fuII14roLO, physiolog lcal, L.'havoral, nrid p-'rsonal ity variables, but most are of
til itLd use- ft lI( -;s :sin:, the ,opulitioin:; iuinq compared are themselves extremely
hetero 1k,11Lols 1,' ., } y,,:|iti c It ,l . v,2rsu. , n~ozmals, neurotics versus
psychot-ic-;) . A] ;,), riny,. p, t Loria I it -. var iabl es -i:)( behavioral items, themselves
interrelated, Ar' ty-pically correlated with a variety of physiological measures,

leading to spurious r.latiunships tikat are difficult to separate from actual
relationships. 11ere, the most exti..siwye and systematic data are those of
Weniqer (43) . In addition to A scur,-s, he reported data on individual variables
for several subject pop ulations, including hospitalized psychoneurotic patients
(by diagnostic catejory), ulcer patients, and "operational fatigue" patients.

Following are some typical results of studies comparing two or more
patient populations. Sterman et al. (79) found that patients with very prolonged
EEG responses to a cold pressor tes , compared with patients having very brief
LEG responses (recove-ry toward baseline began during stimulation), tended to
show prolonged autonomic responses and be characterized by higher heart rate
levtl:s and rclatively lower levels of skin conductince.

Shipman et al. (80) used a somewhat differelnt approach. They categorized
outpatients on the basis of the response organ system showing tile highest
consistent relative response (i.e., muscle, heart rate, blood pressure, GSR)
a rd cported differences among these four groups on a variety of personality
nitnasures; e.>j., muscle responders werte older and tended to be more depressed.

The most common approach, however, has been to select a number of variables
and analy-Lc them in terms of a correlation matrix. The following two studies
illustrate this approach. Zuckerman et al. (81) examined the relationships
amon: anxiety, depression, hostility, GSR, heart rate, and breathing during a
cold pressor test for normals and psychiatric patients and noted a variety
of relationships that were difficult to interpret (e.g., patients had higher
breathing arid pulse rates, normals had higher systolic blood pressures).
Similarly, Kelly et al. (82) examined anxious patients and normal controls
using forearm blood flow, EMG, heart rate, skin resistance, and a battery of
personality measures and found that patients had higher forearm blood flow and
heart rates and that forearm blood flow was correlated with manifest anxiety.
Most relevant for the present review, however, are the differences between
Types A and B, which were discussed in the first section.

In general, relatively less attention has been given to the simultaneous
recording of several psychophysiological measures of ANS activity during the
1970s than during the 1950s or 1960s. At first this seems surprising since
the earlier research provides an excellent foundation for further investigation
of noninvasive measure of ANS activity, utilizing the significant improvements
in instrumentation and computer interfacing and availability that have occurred
during the last decade. I believe that this lack of basic research largely
results from an increased emphasis on the clinical applications of biofeedback.
Within the last decade, clini(-al biofeedback has become extremely popular. It
ism rapidly becoming generally accepted in the treatment of numerous disorders
ranging from Raynaud's syndrome, where it is considered by many to be the most
consistently successful therapeutic intervention (83-85), to migraines (86,87)
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and muscle rehabilitation where it has become an invaluable diagnostic and
therapeutic technique (88,89).

In addition, as our understanding of the complexity of the ANS has
increased, several researchers have become highly specialized, focusing on one
or two psychophysiological variables or on a particular task or set of condi-
tions. For example, Burdick (90-94) has conducted numerous studies on heart
rate; Obrist et al. (95-100) have worked primarily with measures of blood
pressure and blood flow; and Lovallo et al. (101-103) have studied responses
to the cold pressor test.

The next two sections examine the most widely used measures of ANS activity
individually and the tasks and situations used to induce physiological arousal.

VARIABLES AND INSTRUMENTATION USED TO MEASURE ANS ACTIVITY

Five categories of psychophysiological variables associated with sympa-
thetic and parasympathetic arousal will be discussed:

(1) Cardiovascular Variables
(2) Respiration
(3) Electrodermal Variables
(4) Muscle Tension
(5) Salivation

The intent of this report is to review research on noninvasive measures of
coronary-prone behavior and autonomic activity, so measures requiring the drawing
of blood samples are not included. Although endocrine measures of ANS activity
may be obtained from urine specimens (e.g., epinephrine, norepinephrine, meta-
epinephrines, VMA, and 17-OHCS), it seemed more logical to discuss both serum
and urinary measures of psychoendocrine activity in a separate report. Psycho-
endocrine measures, therefore, are not considered in this report.

Cardiovascular Variables

This category includes not only the largest number of variables used in
psychophysiological research but also the most widely used ones. The most
common cardiovascular measures are heart rate, blood pressure, transit-time,
and blood flow change charted by photoplethysmography and skin temperature.

Heart Rate and Heart Period--Heart rate (HR) is traditionally defined in
terms of the number of ventricular contractions, or beats, per minute (bpm).

When the measurement is taken for 30 seconds or longer, the number of beats
are counted and used to compute bpm in straightforward fashion. If on the
other hand, the heart period (HP), the time interval between two successive
beats, is used to compute the HR in bpm, the term "HR" can be misleading since
it implies a tonic measure when in fact a highly variable phasic measure is
being observed and recorded. Some instruments that monitor the interbeat
interval (HP) and display HR in bpm offer the researcher options (e.g., the HR
being calculated on the basis of either two successive beats or five beats--the

average of four successive HPs) that further complicate the situation.
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iiar t Rite VJIiLiUi I i ty--tlntiLt ll, <Ind fill, Thich have fairly standard

definitions, heart rate variabi Ii it h ;,V) LS uomijitod and reported in several

different ways, crestinq considis.abl, ,oiu Fui.c whe-n data is compared across

different methods;. Two basic isii; it- involved in HIV:

(1) the time interval ,ierlyj i th, IR nT,,asuremrent itself, and
(2) the statistical procedure-; 55cc. to calculate IHRV.

With regard to time intervals underiv;' i the HR meiasures, at one end of the

continuum is the iP data and at the ot} r end is IR counted over 60-second or
longer intervals. Two researcht+i.; wi I I monerate quite different values of
11RV. For example, durinq a 2(0-minute t-iask one resear,-her will measure liP
periodically throughout the task, u: these }Ps to calculato HR (HR = 60

sec/l1P) , and then calculate tht, varie (1-RV) ; while a second researcher will
periodically Jount tile number (Af in 6)-sucond intervals and usie these

11.0; to calculate th,.o vuriancu (HRV) .

in addition to com;1sutinki HIRV as th,. varian(-c (or standard deviation) of

the individual mcasurs, six other mtnods of d0(terminJn; IIRV are discussed by

hurdick (93). '"he most io u lar oC th ie are the mean-zquare successive differ-

ence (104,105) , the auto-criat on-lij-one (the product moment correlation
of each observation citOih it-S SsLesef), aoll thc coefficient of temporal

variability (thei( iatio of e n,, ,,uarL ,.jot of tLife mean-square successive differ-
ence divided bv the mean) which is. fuv es ] by burdick (90-94).

Blood 'rissaure--Mc),_sur o) bl ,."issure are the second most cormmon
cardiovascular variables reported in ilik. lite-rature. dlinical diagnosis
always makes use of both the systolic and diastolic pressures, but because of
their covariance, research has often ued on, or the other or the "mean" blood
pressure. In ti, .ast, didstoli,- was ,.r- widely used; however, systolic is

noW more popular.

One major disadvantaqe of noliinvIA-> ve sphygmoinanoretric techniques for

monitor tug ,lood pressure is that th,:y do not provide continuous readings, as

ati artei ii catheter can. Suver ] researchers have developed monitoring
dtevices with an automatic iniaatimg/def1lating cuff containing a built-in
micxcpthionu to detect the Korotkoftf sounds (106-OF)O. One system, designed by

Or i st (1)9), _,mpLoysi two cuff:; (on,_, on each arm) that automatically inflate/

deflate in sequence, with one euft measly ing systolic and the other diastolic.

These devices are useful, espeCi-ally t-1 portable ones that can be worn by the
subject throughout a normal day or nicit; however, they permit only periodic

measurement of blood pressure and in general are more prone to error (especi-
ally of diastolic readings) than auscult-ation by a trained technician using a

regular sphyqmomanometer.

In an attempt to provide continuem.; readings using sphygmomanometric
techniques, Tursky et al. (110) devloped a system that inflates the cuff to a
predetermined value near eit-her t1,, lormal systolic or diastolic pressure. The

prosence or absence of the orotkuff s riiiids detected by a cuff microphone indi-

cat whether the blood pre.;sure is; above or below the preset cuff-inflation

value. The price paid for these centinOnus readings, however, is substantial,

because the information obtaine d i-, 1in,ary (above or below the preset value)
ard, !;inc( th, cuff remains inflated durin, the entire period when readings are
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taken, readings can only be obtained for short periods of time before the cuff
must be deflated to allow blood circulation into the arm. During the 1970s, in
an attempt to provide a continuous measure of blood pressure changes for bio-
feedback training and psychophysiological research, several researchers began
working with arterial pulse wave velocity.

Pulse Wave Velocity and Transit Time--The pulse wave velocity (PWV) is the
rate the pulse pressure waves travel through the arteries and is measured by
recording the times at which pressurn waves reach two points on one major
artery (e.g., the brachial and radial pulses), subtracting the times, and
dividing by the distance between the two. In actual noninvasive measurement,
however, it is difficult to obtain continuous trains of artifact-free pulses
from two different sites. Measurement is also complicated by the fact that
the time differential is very short. Most researchers, therefore, prefer to
eliminate one of the pulse detectors and use the time differential between the
R wave of the ECG and a single distal location where a strong pulse can be
obtained (typically radial, carotid, or temporal). This time interval is
referred to as pulse transit time (PTT) or simply transit time (TT). Although
TT covaries with PWV, the relationship is not perfectly linear since TT is a
function not only of the PWV but also of several intracardiac events (e.g.,
electrical depolarization, opening of the semilunar valves, and expulsion of
the blood into the aorta) ('11-114).

In 1976, Steptoe et al. (114) reported linear correlations of -.91 to
-.98 between mean blood pressure (obtained from an arterial catheter) and
TT. Although his work generated considerable interest, more recent work has
found substantially lower correlation coefficients, with large individual
differences in the magnitude of the correlations between TT and both systolic
and diastolic blood pressure (96,115).

The fact that transit time is not highly correlated with other commonly
used cardiovascular measures may turn out to be advantageous, since TT provides
another noninvasive measure of cardiovascular functioning.

Blood Flow Changes--Noninvasive measurement of changes in blood flow
(often referred to as pulse volume changes; e.g., finger pulse volume) pose
major methodological problems. Traditionally blood flow has been measured
using volume plethysmography, skin temperature, and more recently, ultrasound.
Currently, three major types of plethysmography (volume change measurement)
are used to measure blood flow changes:

(1) Volume plethysmography, which measures changes in the volume or girth
of a limb

(2) Impedance plethysmography, which measures resistance to an electric
current

(3) Photoplethysmography, which measures the amount of transmitted or
back-scattered light from a constant light source.

Volume plethysmography consists of encasing a portion of the limb or digit
in a rigid, fluid-filled container that is connected to a device to measure/
record fluid displacement. Simple in design, this procedure has been used
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most commonly used transducers are small pLastic-coated spherical thermistors
which can be easily taped to any body surface. (The same thermistors can also
be used in any body orifice.) Unlike previously discussed plethysmographic
techniques, skin temperature does not provide a measure of beat-to-beat pulse
volume changes; instead, it reflects longer term gradients of blood flow
changes taking place over periods of several seconds to several minutes.

Doppler flowmeters are the newest of the techniques discussed. They have
rapidly become popular for clinical diagnosis because of their availability
and the ease with which they can be used (129). These instruments emit an
ultrasound beam of 2-10 MHZ which is transmitted into the tissues via an
acoustic gel on the skin. A small portion of the sound is reflected back by
the moving red cells, and the frequency of the returned signal increases as a
function of the velocity of the red cells, the Doppler shift (129,139).
Although widely used clinically, very few psychophysiological research studies
have used Doppler flowmeters.

Respiration

Ideally, measurement of respiration should include time of inspiration
and expiration and the amount of air exchanged. Since the volumes of air
involved in each cycle and the flow rates are small, it is difficult to
accurately monitor the airflow without obstructing an individual's natural
breathing pattern. Psychophysiological research, therefore, has tended to
neglect respiratory measures, and when they are included, to generally measure
just respiratory rate, using a chest strain-gauge transducer similar to the
ones discussed in the section on blood flow (117).

Wenger's study (43) of young Air Force males where he obtained spirograms
on each subject and analyzed them for several respiration variables is virtu-
ally the only study that includes several respiration variables. In both his
earlier and later studies, Wenger (45) used just a strain gauge to obtain
respiration period.

Electrodermal Variables

Until as recently as the early 1960s, measures of skin potential (SP--
the electrical potential difference between an active and a reference skin
site) and skin resistance (SR--the resistance to current flow when a weak
direct current is passed between two electrodes) were considered manifestations
of the same phenomenon. SP and SR are now generally accepted as different,
albeit related, phenomena, although their exact nature is still under discussion.

Instrumentation for measuring SR or skin conductance (SC--the reciprocal
of SR) uses one of two circuit arrangements:

(1) constant voltage, which measures changes in skin resistance as
fluctuations in current, or

(2) constant current, which measures skin resistance changes as voltage
fluctuations (117).
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Although not as commonly used, if AC is substituted for DC, the resulting
electrical resistance is called skin impedance (SZ) since it includes both
resistive and capacitive elements. I

Skin resistance measures (SR, SC, SZ) may be measured from any two skin sites.
Although palmar and plantar surfaces are among the most active sites for skin
resistance measures and SP, several other sites also exhibit high activity
(e.g., forehead and medial portion of the foot) (131); under stress, generally
inactive areas (e.g., chest and arm) may exhibit high activity (132).

Skin potential would ideally be measured with one electrode on the skin
surface (at an active location) and the second electrode inside the body.
Since this is not generally feasible, it is common practice to select a second,
inactive skin site (e.g., earlobe or inner arm near elbow) for the reference.
Activity at these sites can be further reduced by breaking through the outer
skin layer and making contact with subdermal layers, using procedures such as
skin abrasion with a gritty salt paste or tiny punctures with a fine-grade
needle (133). Note, however, that if an inactive site (as opposed to inside
the body) is selected, there is always an absolute error with reference to
inside the body. Thus, the standardization of inactive-site electrode place-
ments is greatly to be desired.

Electrodermal measures (still often referred to by the generic term "gal-
vanic skin responses," GSR) have traditionally been widely used. With the
popularity of clinical biofeedback during the 1970s, however, they have been
somewhat overshadowed by electromyography (EMG) and skin temperature. For a
summary of electrodermal research and a discussion of the electrical properties
of the skin, see Edelberg's excellent 1972 review (133).

Electromyography

As with skin temperature, EMG is essentially a fairly straightforward
variable which has become widely used. EMG is essentially a measure of the
electrical activity resulting from the progressive change in polarization of
the surface membrane of the muscle fiber, and is typically measured noninvasive-
ly by multiple relatively large (e.g., 4-mm to 4-cm-diameter) surface electrodes.

Muscle action potentials can be recorded from any muscle group in the
body. Several researchers have examined large numbers of muscle groups in an
attempt to determine whether there are general muscle factors and which muscles
best reflect these factors. Although there is considerable intraindividual
variation, under resting conditions, residual muscle tension tends to be found
primarily in the limbs, with little electrical activity in the head and neck
muscles; under mental workload, neck and muscle tension typically increases
significantly. This is undoubtedly one reason that the frontalis (more pre-
cisely, the center of the forehead) has become the most popular site for
electrode placement in studies measuring general arousal. Also, the forehead
is easily accessible and socially acceptable; and although a subject can
oasily wrinkle his forehead and see the increase in muscle activity, the
electrode measures the subtle, largely involuntary muscle activity associated
with facial expression.
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The frontalis placement, however, is by no means universally accepted as
the best site for measuring total body muscle tension. For example, some
studies suggest that with individuals under stress and frustration, the most
prominent muscle tension was found in the trapezius and masseter muscles.

Unlike the slow temperature gradients, the electromyogram character-
istically consists of bursts of spikey activity followed by (or alternating
with) periods of relative quiescence. Consideration of both the mean value
and the variance for the observation period is therefore desirable (134).

Salivation

Research on salivation, as compared to that on the other ANS variables,
has been largely ignored in America and has fared only slightly better in
England and Australia. Perhaps research on salivation has not been popular
because it is not seen as having much clinical utility; however, this is
unfortunate because relatively high test-retest reliabilities are typically
reported and studies have suggested relationships between salivation and
arousal (135,136), introversion (137,138), and affective disorders (139,140).

The only researcher who appears to have studied salivation as part of an
ANS profile is Wenger (42,43). See Brown (141) for an extensive and very
readable review of the literature, and White (142) for an update.

White also compared measurements of salivation, using three noninvasive
techniques:

(1) Wenger's procedure, where saliva is collected from the whole
mouth by a small tube held between the lips and connected to
a vacuum collection jar

(2) A parotid capsule suction technique in which the end of the collec-
tion tube is a small capsule that is positioned over the Stetson duct
and held in place by an outer suction chamber

(3) Cotton swabs placed sublingually and buccally.

The results obtained from the three methods tended to be highly intercorrelated,
suggesting that all three procedures are useful and that the choice among them
can be based on convenience, cost, the exactness of the measurement desired, and
whether secretion rate changes durinq the collection period are desired (142).

Table 1 provides a cross-tabulation of research studies cited in this
report with each variable. For additional general background in the area,
Greenfield's and Sternbach's Handbook of Psychophysiology is highly recommended
(143). Although the Handbook is becoming dated (published in 1972) and does
not reflect the tremendous development of instrumentation that has taken place
during the 1970s or adequately cover recent topics (e.g., transit-time, Doppler
flowmeters), it still remains the best single source of information. For
recent reviews of noninvasive diagnostic techniques for cardiovascular disease,
see Barnes (130) and Lieberman (129).
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TASKS/CONDITIONS USED TO INDUCE ANS AROUSAL

Numerous laboratory and field situations have been used to produce ANS
arousal (stress). Although this report is primarily concerned with laboratory
stressors, the following will illustrate some of the many and varied real-life
situations that have been used. For example, studies have been conducted on
test pilots before and after flying (144); racing-car drivers during a race
(145); patients awaiting surgery (146); UDT teams before a stressful underwater
swim (147); commuters, as a function of traffic congestion and length of daily
commte (148); and the most popular, students before oral or written examina- [
tions (149-151).

Since laboratory situations are directly manipulable by the experimenter,
the investigator must determine a number of parameters, including the following:

(1) Should the task/situation involve aversive stimulation?

On the plus side, aversive stimulation typically produces greater
physiological change; however, the major deterrent is that the stimulation
may not be acceptable to many potential subjects.

(2) Should the task be active or passive?

Recent work by Obrist et al. (97,99) on cardiovascular interactions
suggests that during passive tasks the heart is under vagal (parasympathetic)
dominance, whereas during active coping tasks the heart is primarily under the
beta-adrenergic (sympathetic) control. They conclude that the greatest task-
related changes in cardiovascular activity are produced by tasks that engage a
subject and provide him some measure of control over the task. Also, recent
research on coronary-prone behavior suggests that Type A-Type B differences
are likely to be greater under challenging reactive task conditions (25-29,
35,152).

Active coping, however, when combined with aversive stimulation,
assumes that the subject has (or perceives to have) some degree of control
over the occurrence of the aversive stimulus. This introduces the question of
whether control over aversive stimulation increases or reduces physiological
arousal, as compared to lack of control over such stimulation. Although these
phenomena are complex (see Averill (153) for a summary of the literature on
personal control and aversive stimuli), in general, control with a high degree
of uncertainty seems apt to produce higher levels of arousal, both subjective
and physiological, than either highly predictable personal control over the
aversive stimulation or no control (passive aversive stimulation). This
assumption is also supported by a recent study in which Type A and Type B
women were asked to report fatigue and symptoms associated with ANS arousal
during a task involving unpredictable and predictable noise. Greater numbers
of symptoms were reported by both A's and B's when the noise was unpredictable
(154).

(3) If the task is active, should it

(a) be primarily cognitive or psychomotor?

(b) be easy, difficult, or impossible?
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(c) involve competition with another person, a computer,

a set of standards (actual or deceptive), the subject's own
performance, or against the clock?

Virtually all combinations of the above options can be found in the litera-
ture (usually with several permutations). Table 2 lists a number of these
studies as a function of the task conditions used to induce stress. There is

also an overlapping, but separate, literature dealing with "mental workload."
For a review of this literature see Moray's book, Mental Workload, Its Theory
and Measurement (155), or Wierwille's review article (156).

REVIEW AND RECOMMENDATIONS

Strong, continually increasing evidence supports the concepts of coronary-
prone behavior and stress as major factors in myocardial infarctions and the
development of atherosclerosis. The most probable underlying physiological
mechanisms involve hyperreactivity and/or hyperlability of the sympathetic
branch of the autonomic nervous system. This hyperreactivity and/or hyper-
lability appears to be a reactive (state) phenomenon.

Early research on Type A and Type B differences demonstrated that Type A's
tend to manifest higher reactive levels on several serological variables (e.g.,
cholesterol, norepinephrine) associated with accelerated atherosclerosis. More
recent research has also shown Type A's to be more reactive on several psycho-
physiological variables (e.g., heart rate, systolic blood pressure) under a
variety of task conditions.

These findings are more impressive than a review of the studies would
suggest when we consider the methodological problems inherent in using currently
available instruments (Structured Interview, Jenkins Activity Survey) to assess
coronary-prone behavior. Problems such as low interscores reliability, lack of

subject self-awareness, and attempts to deceive by the subject, result in
considerable potential misclassification. These problems become even more
important if the individuals being classified are of above-average intelligence
and highly motivated not to display coronary-prone behavior. Air Force pilots
would clearly fit this description. For the value of the coronary-prone be-
havior pattern as a predictor of coronary disease to be fully realized, new ways
of assessing the pattern must be developed to avoid these problems.

To date there has been little systematic attempt to examine multiple auto-
nomic variables associated with the coronary-prone behavior pattern. What
research has been done has tended to focus more on the task and situation param-
eters than on profiles or autonomic responses.

I therefore recommend that, as a logical extension of the current work on
coronary-prone behavior, a systematic examination of autonomic profiles be
conducted under challenging or stressful conditions, as a function of Type A and
Type B behavior, with the goal of developing new and better techniques for
assessing coronary-prone behavior.

Three research strategies are suggested, all based on a test protocol
involving a number of measures of ANS reactivity:
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(1) Stepwise discriminant analysis of Type A and Type B behavior

(2) An R technique factor analysis in which pairs of measures would be

correlated for all subjects, and factor analyzed. The literature would predict
a three- or four-factor model of ANS reactivity.

(3) A standard-score profile approach in which a profile of standard

scores across the ANS measures would be constructed for each individual. If the

number of individuals is large enough, this data could also be factor analyzed

using the obverse (Q technique) approach in which pairs of individuals are
correlated and the matrix factor analyzed.

The following ANS measures should be included: heart rate, heart rate
variability, blood pressure, transit time, one or more measures of blood flow

(photoplethysmography and skin temperature are recommended), respiration rate,

skin resistance and/or skin potential, muscle tension, and salivation.

One or more of the task situations should be challenging, require active
involvement of the subject, and contain an aversive stimulus.

The recommended project would be a valuable first step, but only that;

heart disease is the logical end point, not Type A-Type B classification.
Therefore, assuming that the protocols of ANS reactivity discussed above can be

developed, the second phase should be to use these protocols to examine the ANS
profiles of individuals undergoing coronary catheterization and to correlate the

profiles with objective measures of coronary artery occlusion.

Potentially such a program will develop a noninvasive screening technique
that will not only add greater predictability to existing coronary-risk factor
equations, but will also suggest intervention strategies that can be used to

modify autonomic responses in stressful situations and thus reduce the negative

consequences of those situations.
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